The Space Launch System (SLS) provides a critical heavy-lift launch capability enabling diverse deep space missions. This exploration class vehicle launches larger payloads farther in our solar system, faster than ever before possible. In this analysis the capabilities of the SLS are described and several beyond Earth Orbit (BEO) missions are presented.
INTRODUCTION
The SLS Program is making progress toward delivering a new capability for BEO exploration. Developed with the goals of safety, affordability and sustainability in mind, SLS will start with 10% more thrust than the Saturn V that launched astronauts to the Moon 40 years ago. From there it will evolve into the most powerful launch vehicle ever flown, via an upgrade approach that will provide building blocks for future space exploration. The SLS will enable humans to explore further into deep space, and enable more ambitious science missions than ever before achieved. Emphasizing safety, affordability, and sustainability, and informed by a mandate to provide a robust vehicle on an aggressive timetable, the SLS leverages hardware, technology and infrastructure from previous NASA human spaceflight (HSF) programs. The Core Stage will be powered by four RS-25 engines, which previously served as the Space Shuttle Main Engine (SSME), taking advantage of 30 years of U.S. experience with liquid oxygen (LOX) and liquid hydrogen (LH2), as well as an existing national infrastructure that includes specialized manufacturing and launching facilities. These human-rated engines support the SLS goal of safety, with a record of 100 percent mission success for the engines over 135 flights. The SLS program is using a "block" development approach [1] where the 2017 Block 1 version will be capable of launching 70 mt to LEO (Table 1) . Two Five-Segment Solid Rocket Boosters (FSB) and the 8.4 m diameter Core Stage form the basis for the Block 1 and 1b SLS configurations. Other elements of the Block 1 include the Interim Cryogenic Propulsion Stage (iCPS), the Orion, and the Launch Abort System (or if uncrewed, the 5 m fairing, Fig. 1 ). The iCPS is a derivative of the LO2/LH2 Delta-IV upper stage. The SLS family also includes the Block 1b that utilizes a larger 8.4 m diameter Exploration Upper Stage (EUS), which would use four LO2/LH2 RL10 engines. The Block 1b can launch 97.5 mt to LEO, 37.8 mt to Trans-Lunar Injection (TLI), and 33.0mt to Trans-Mars Injection (TEI).
Figure 2 Space Launch System (SLS)
The majority of the thrust at launch for SLS will come from a pair of solid rocket boosters, also of Space Shuttle Program heritage. The SLS Program is leveraging research, development, and testing conducted under the Constellation Program to upgrade the boosters from the Shuttle's four-segment version to a more-powerful five-segment version; this upgraded five-segment booster (FSB) includes improvements such as a larger nozzle throat, new avionics and an environmentally benign insulation and liner. By adding a fourth main engine, versus the three RS-25s flown on Shuttle, and by adding a fifth segment to each of the solid rocket boosters, the initial 70 mt version of SLS will generate 8.4 million pounds of thrust at launch, 12% greater thrust than the Saturn V at lift off. The SLS LOX/LH2 Core stage diameter is 8.4 m, sharing commonality with the Space Shuttle's External Tank in order to enhance compatibility with Shuttle-era equipment and facilities at the Michoud Assembly Facility (MAF) in Louisiana and at Kennedy Space Center. New production tooling has been incorporated at MAF to significantly enhance producability, flexibility and affordability. While the SLS Program is primarily focused on first flight in 2017, early development work has already begun for the evolution beyond Block 1. In order to support the exploration missions discussed in this paper, the new, more capable EUS is being evaluated to replace the iCPS. The EUS will leverage the 8.4m tooling that has been developed for the Core. Block 1b has been identified as fitting a "sweet spot" for the next set of HSF and science missions BEO. SLS Block 1 and 1b payload capability to various destinations are shown in Table 1 and Fig. 2 , showing the benefit of the more capable SLS Block 1b EUS; it provides significantly more payload than other heavy lift launch vehicles to deep space destinations. SLS fairing sizes and volumes are given in Fig. 3 . The 8.4 m dia 31 m length Block 1b fairing has 4 times the internal volume as the Delta-IV Heavy 5 m x 19 m fairing. Preliminary EUS information is given in Table 2 . The EUS will be manufactured at the MAF using the same tooling, processes, test equipment and personnel as the Core stage, reducing DDT&E and recurring costs. Table 3 . Potential SLS Missions and Destinations
SLS LAUNCHED EXPLORATION MISSIONS

SLS LAUNCHED HUMAN SPACEFLIGHT (HSF) MISSIONS
Due to page limitations, only two SLS launched HSF missions are described herein: a Cis-Lunar based mission and a very large LEO habitat emplacement mission.
SLS Launched Earth-Moon Libration Point (EMLP) Platform Based Architecture
Recent analysis [2, 3] has focused on a Human tended EMLP Platform as a staging node for BEO exploration. The Platform consists of Power/utility, Logistics, and Habitation modules (Fig 4) . These, along with the Orion, can be boosted to EMLP2 with 2 SLS Block 1 b launches ( Table 4 ). The EMLP Node would serve as a staging base, proving ground and Waypoint for further exploration; it provides several benefits:
1. Allows flexibility in Exploration architecture design. 
SLS Launch of a Large Inflatable Habitat to Low Earth Orbit
The Bigelow BA-2100 is a stand-alone, self-sufficient module for long duration human habitation. It has all the services and resources (propulsion, power generation, attitude control, etc.) to support a wide variety of purposes. In LEO, it could serve as an orbital hotel. It could also be the base module for added expansion, for instance to add scientific research modules. The BA-2100 is packaged in a 10 m fairing for launch (Fig.  7, left) , and when inflated, provides 2100 m 3 of pressurized volume (Fig 7) . The SLS is the only launcher capable of delivering a payload this large. SLS provides significant mass margin that can be used for additional crew consumables or water for radiation protection or additional payloads (Table 5 ). The BA-2100 when fully activated would deploy solar power and thermal arrays.
SLS LAUNCHED SCIENCE MISSIONS
In this section, brief overviews of five SLS launched science missions are given. Destinations include Jupiter/Europa, Saturn/Titan, the Jupiter Trojan Asteroids and a sample return mission to Comet 67P/C-G. Placement of an 8m diameter monolithic optic space telescope to Sun-Earth Libration Point 2 (SEL2) is also discussed. SLS payload capability is compared to similar capabilities provided by the Atlas V launch vehicle. (Fig. 8) (Table 6 ). Profiles for the 6.5 and 2 year transfers are shown in Fig. 9 . 0.48 years after intercept with Jupiter, the spacecraft will rendezvous with Europa. Total mission time to Europa would be 2.48 years. 
SLS Launched Jupiter / Europa Mission
Europa
Saturn / Titan / Enceladus Mission
The SLS would enable significantly more payload to be delivered to Saturn and do so in a much shorter time than the Atlas V. The Atlas V 551 can inject a payload of 0.96 mt on a 7 year Earth Gravity Assist (EGA) trajectory. The SLS block 1 can inject 3 times that payload on a 4 year direct trajectory saving 3 years; the Block 1b can inject 5 times the Atlas payload on the same 4 year trajectory. SLS parameters are listed in Table 7 .
Comet Sample Return (CSR) Mission
A VEGA trajectory to the Comet 67P/ChuryumovGerasimenko is given in Fig. 10 . For a sample return mission to 67P/C-G, the SLS could provide significantly more payload while enabling a shorter trip time. Launch parameters are listed in Table 8 . A CSR spacecraft concept is pictured in Fig. 11 . The SLS injects into a direct trajectory, eliminating the need for the initial heliocentric loop (Fig 10) 
SLS Jupiter Trojan Asteroid Mission
Jupiter shares its orbit with a host of small bodes; an estimated 1 million objects >1 km in diameter librate about the Sun-Jupiter L4 and L5 point. (These points lie 60 degrees ahead of and behind the planet in its orbit, Fig. 12 ). The SLS Block 1 and 1 b could inject payloads of 3.97 and 7.59 mt, respectively, on a trajectory that would reach the Jupiter Trojans in 10 years. The SLS Block 1 b provides a factor of 6 more mass than the Atlas V. SLS parameters are listed in Table 9 . Once at the destination, the spacecraft may conduct a limited tour of the Belt, do a close flyby of an asteroid, and then rendezvous with another. 
SLS Launched Monolithic Optic Space Telescope Mission
In Table 10 parameters are given for the launch of an 8 m diameter telescope to SEL2 (C3 = -0.7 km2/s2). Cruise time is 100 days. The SLS Block 1 b can deliver 36.9 mt to SEL2; no other launch vehicle is capable of launching an 8m monolithic optic telescope. Without SLS, multiple launches, complex folded optics, and/or on-orbit assembly would be the only alternatives for deploying space telescopes larger than ~7 m.
Telescope Mission ObjectivesCharacterize Exoplanets and search for signs of life; best option for extrasolar life-finding facility. Observe ~85 stars 3 times each in a 5-year period -Probe super massive black holes (SMBH) -Direct measurements of the mass of high redshift SMBH -Exploration of the Modern Universe Enable star formation histories to be reconstructed for hundreds of galaxies; track how and when galaxies assemble their present stars -Constrain dark matter -Measure the mean density profile of dwarf spheroidal galaxies (dSph), a fundamental constraint on the nature of dark matter Mission Rationale --10 times the resolution of JWST and up to 300 times the sensitivity of the Hubble Space Telescope -A monolithic aperture is better than a segmented aperture -JWST is using a segmented, deployed mirror architecture only because it is the only way to launch a 6.5 m aperture observatory with a 4.5 m diameter rocket -A monolithic mirror can achieve diffraction limited performance at a shorter wavelength than a segmented mirror with much difficulty, complexity, cost and risk. Fig. 14 . The SLS provides significantly more payload to deep space destinations compared to the present fleet of launch vehicles. Also, significantly more missions can be captured with the addition of the EUS to the SLS.
SUMMARY
The SLS provides unprecedented payload capability that can enable human and science deep space missions not previously achievable. Utilizing the larger, more capable EUS, the SLS Block 1b configuration can deliver 37.8 mt of payload to TLI. The enhanced capability of the SLS Block 1b can enable a number of human exploration missions to deep space, Cis-lunar and Mars locations. SLS Block 1b is also attractive for numerous science missions by significantly increasing payload and reducing transit time for deep space planetary missions. The SLS and Orion will provide the United States and it's international partners the capability to open up an entirely new frontier of deep space exploration for humans, science, and commercial endeavors.
